Effects of genetic changes in reproduction, growth, body composition or lactation on the efficiency of market lamb production depend partly on the associated changes in feed intake requirements for maintenance and for protein and fat deposition. To evaluate these relationships, feed intake and body weight changes were monitored for six pairs of open, dry, mature ewes from each of seven diverse breeds fed pelleted alfalfa (53% TDN) ad libitum (AL) or restricted (MN) to 64% of ad libitum levels, for an average of 41 d. After a 56-h fast, heat production (FHP) was measured calorimetrically for 16 h before slaughter and analysis of empty body composition. The estimated daily metabolizable energy intake/ kg .75 of body weight for no change in body energy (MEm) was 167 kcal for the AL vs 147 kcal for MN ewes, and ranged from 139 to 169 among breeds (P < .05). Estimated abovemaintenance ME requirements, kcal/g tissue deposited, were 30 to 50 for protein and 10 to 14 for fat deposition. Mean FHPtd, adjusted by regression to zero activity, was 72 kcal/ kg .75 weight and was nonsignificanfly higher (3.3) for the leaner MN than for AL ewes. Thus, the lower total MEre for MN than for AL ewes was necessarily derived from reduced metabolic and physical activity and(or) higher digestibility. Genetic increases in lean vs fat deposition would reduce above-maintenance feed by one-third to one-fourth because of the high water content of lean, but more lean mass may increase maintenance costs.
Introduction
In sheep production, over one-half of all costs are attributed to the ewe (Dickerson, 1978) and feed inputs are the primary costs of the system. Thus, an understanding of factors influencing utilization of feed energy inputs by the ewe is essential for evaluating the economic importance of alternative genetic changes in sheep performance.
Fasting heat production (FHP) under standardized conditions is used as a measure of basal metabolism and a predictor of minimum maintenance requirements. In sheep, measures of FHP and maintenance are affected by numerous environmental and genetic factors (Olthoff, 1985) . These complicate comparisons among studies and attempts to predict maintenance costs and the use of energy intake above maintenance for different production systems or for genetic stocks differing in performance traits, including body composition.
The objective of this study was to examine relationships among FHP, feed intake and body composition in dry, open, mature ewes of seven diverse breeds at two feeding levels.
Materials and Methods
Source of Data. Data were collected from 84 nonpregnant, nonlactating, 3-to 4-yr-old ewes of seven breeds chosen to represent a range in body size and production levels at the Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, Nebraska (Table 1) The S, C2 and C3 ewes were obtained from annual lambing flocks after the March-April 1983 lambing, using open ewes or those that lost all their lambs at birth. The R, D, F and C1 ewes were from "accelerated" flocks, lambing at 8-mo intervals. Those used had lambed last, or failed to lamb in January 1983 and were removed from the flock before the April breeding. These restrictions allowed recovery from stresses of pregnancy and lactation so that the ewes had normal mature size and condition. All ewes were considered healthy and representative samples of the breeds, except for their reproductive failure. This sample of breeds provided a substantial range in potential body size, composition and lamb production.
Protocol. Selected ewes were brought into drylot from pasture and placed on a pelleted alfalfa diet (Table 2) . Ewes were shorn, weighed and paired by similar weight within each breed to minimize competition between ewes penned together and to permit social contact during calorimetry. Pairs were assigned randomly, three pairs per breed, to ad libitum (AL) or maintenance (MN) feeding levels and transferred to pens in air-conditioned rooms at about 60% relative humidity and at 18 to 21~ Both AL and MN ewes had ad libitum access to feed during 3 wk of adaptation to the new environment, to provide an initial measurement of feed intake and weight change. aAs-fed basis for composite feed samples analyzed for moisture, fat, ash and fiber (AOAC, 1975) and protein (AOAC, 1976 Schneider et al. (1952) . Digestible energy (DE), Mcal= 4.4 x TDN, kg. Metabolizable energy (ME), Mcal = .82 DE (NRC, 1975) . 1 kg DM = .937 kg feed = (52.7/93.7) x 4,400 x .82 --2,046 kcal ME.
The MN ewes were penned individually but with visual contact within pairs. The AL ewes were penned in pairs. Weighed amounts of feed were provided once daily. The comparative feeding period averaged 41 d in length. The level of feeding for MN ewes were based on NRC (1975) estimates of requirements per unit of shorn live weight and averaged 64% of AL intake within each breed. Ewe weights and residual feed weights were recorded weekly.
At the end of the feeding period, three pairs of ewes were removed from feed each day of the week, according to the schedule described in Table 3 . The procedure was repeated for 4 wk until all ewes were off feed (i.e., 12, 12, 12 and 6 pairs). Sheafing was done as near to the first fasting day as feasible. Because calorimetry could be conducted on only three pairs at one time, selection of pairs to begin fasting on the same day was done so that no breed was repeated on the same day, and the number of pairs from the same feeding level was alternated on consecutive days. The repetition of breed combinations was minimized.
After fasting 48 h, ewe pairs were placed in one of three indirect, open-circuit calorimeter chambers described by Nienaber and Maddy (1985) . Pairs were used to reduce the stress of isolation in the chamber. Eight hours were allowed for adaptation to the chambers before beginning the 16-h measurement of fasting heating production (FHP). This 56-h fasting period was considered sufficient to reach a postabsorbtive state and a stable fasting heat production (Graham et al., 1974; Unsworth et al., 1982) . The measurement period, 1515 to 0715, provided least disturbance from outside activity. Chambers were maintained at 24"C, within the thermoneutral zone for closely clipped sheep (Graham et al., 1959) . The room was kept dark except for a small light behind each chamber, and all measurements were videotaped to monitor activity (standing vs lying). Activity recording was lost for two pairs of C3 and for one pair each of R and F ewes.
The FHP for each ewe pair was estimated by two methods. A single overall estimate was obtained from duplicate 16-h composite samples, which were analyzed in duplicate for 02, C02 and CH4. Heat production was calculated using the equation of Brower (1965) (Olthoff and Dickerson, 1989) .
Trait Definition. Wool growth was estimated during the trial period from average daily wool growth calculated from the greasy wool weight and the number of days from the initial sheafing to the final second shearing, prior to fasting.
Ewe weights were recorded initially, at weekly intervals, prior to fasting and upon entering and leaving the calorimeter chambers. Daily dry matter intake (DMI) was calculated from weekly totals. Metabolizable energy intake (MEI) was calculated assuming the diet contained .567 kg TDN/kg feed DM, which was determined in our laboratory, and that 4.4 Mcal digestible energy (DE) = 1 kg TDN and metabolizable energy (ME) = .82 DE, so that 1 kg feed DM = .567 x 4400 x .82 = 2,046 Kcal ME (NRC, 1975 ).
The gas samples taken at 10-min intervals provided a pattern of FlIP over time and allowed adjustment for observed activity, the number of position changes and the proportion of me time each ewe was standing. Adjusted FHP was an estimate of basal metabolism, the heat production for a resting animal in a postabsorbtive state and thermoneutral environment. Adjustment FHP permitted comparisons among and within breed and feeding level subclasses on a zero activity basis. A sample relationship between FHP and activity over 16 h is illustrated in Figure 1 . Each 16-h measurement was divided into subperiods from the time at least one ewe of the pair stood after both had been lying until the next similar occurrence. Adjustments were calculated for each breed x feeding level subclass by partial regression of total heat produced in a subperiod on the fraction of time standing and the number of position changes in that subperiod. No heterogeneity of slopes among the breeds or feeding levels was observed, so a pooled regression of .22 x weight of ewe, kg = kcal/ ewe per hour of standing activity was used. Adjusted FHP/ewe, kcal/h = observed FHP -.22 (S) (wt of ewe, kg), where S is fraction of time standing. This regression then was used to adjust each single 16-h representative sample of FHP to zero activity.
Energy Requirements. Energy cost estimates for maintenance and weight change were calculated using the multiple regression procedures described by Henckel (1976 
Equations (2) and (3) also were expanded to no-intercept models by including a FlIP term:
where FHP = fasting heat production, kcal/ kg.75.d-1 and bM : energy for maintenance, kcal/ kcal FHP and all other terms are as described for Equation (2). The inverse of the partial regression coefficient for FHP (M) estimates the efficiency of energy utilization for maintenance (kM).
Statistical Procedures. Traits were analyzed using the General Linear Model (GLM) procedures of SAS (1982) . The model included the main effects of breed and feeding level and the interaction term, Traits measured by pairs were analyzed with ewe-pair as the experimental unit. Least squares means for estimates of the main effects were compared using the least significant difference multiple range test.
Results and Discussion
Ages of ewes sampled were similar for all breeds except C3, from which only 3-yr-old ewes were available ( Ten minute Interval since the last lambing and the total number of lambings reflect differences in lambing season and frequency for annual vs accelerated flocks, including some ewes with no lambs born at the last possible lambing, particularly for the annual C3 and S flocks. Thus, except for total number of lambings, ewes sampled were quite representative of their breeds as reported by Fogarty et al. (1984) for large samples of these same breeds. Finnsheep (F) and the 1/2 F C1 and C2 were more prolific than the other four breeds. Ewe pairs assigned randomly to the two feeding levels did not differ in average reproductive performance.
Body Weights. Average shorn initial weights (Table 4 ) ranged from 96.3 kg for C3 to 53.5 kg for F ewes (P < .001). Weights of S ewes approached those of C3. The remaining breeds were intermediate and similar to each other. Pairing of ewes by weight meant that there were only three pairs per breed in each of the two feeding levels. Although pairs were assigned randomly to feeding levels within breeds, MN ewes were heavier than the AL ewes for C3, but the reverse was true for R, C2, D and F (P < .001), and mean initial weight was 4 kg heavier (P < .05) for AL ewes.
Weight changes (shorn) in the 3 wk prior to feed restriction averaged 235 g/d, and differences among breeds, feeding levels and their interaction were not significant (P > .10; Figure 2 , Table 4 ). This rapid gain for mature ewes may have been a response to the change from grazing roughages to higher-energy pelleted feed and to the limited activity and stable environment for indoor pens; it included any increase in gut capacity and contents.
The pattern of weight change was similar for the two treatment groups during the 3 wk prior to restriction (Figure 2) , so that the initial difference in weight continued, even though gains slowed in wk 2 and 3. During the feeding level comparison, the AL group gained at a slower rate (55 g/d) than during the 3-wk prerestriction period, eating primarily to maintain weight. All of the weight loss for MN ewes (P < .001) occurred in the 1st wk and included the reduction in gut fill, but differences among breeds were not significant. During the remaining 4 wk, the MN ewes were in weight stasis, utilizing feed intake plus loss in body energy stores to meet maintenance requirements.
Weights until 35 d postrestriction are shown in Figure 2 because all ewes were represented to this point. Actual final weights of some ewes were not obtained until up to 3 wk later, as space in the calorimeter became available. The average actual shorn final weight (Table  4) was 10.5 kg less than the final shorn weight of the ewes with ad libitum access to feed (P < .001) and compares with their 4.2-kg lower initial weight. Differences among breeds (P < .001) followed the same pattern observed for initial weight, with only small differential effects of feeding levels among breeds (P < .05). Feed Intake. Feed intake during the prerestriction period (Table 4 ) differed widely among breeds (P < .001) and slightly between feed levels (P < .05), with some interaction (P < .05). However, breed differences in intake per unit of metabolic weight (kg .75) were nonsignificant and the difference between feed levels was reduced (P < .01). Feed intake for AL ewes averaged 2.34 kg/d before vs 2.62 kg/d after separation of feeding level groups, mainly because of the very low intakes in the 1st wk prerestriction (Figure 3 ). This indicates the importance of an adaptation period when changes in feed and(or) environment are introduced. The MN ewes of each breed received about 64% of the prior mean ad libitum intake per unit of weight for that breed, using ewe weights at the beginning of restriction, which made effects of feeding level uniform among breeds.
Feed intake of ewes fed ad libitum stabilized after the Ist wk postrestriction (Figure 3 ). These ewes would have been limited only by appetite satiation as regulated by their energy requirements for maintenance and tissue storage. The intake pattern for MN ewes had been only slightly (P < .10) below that of the AL group prior to restriction. The relatively stable intakes and weights under both feeding levels imply that the AL and MN groups were eating to meet their respective maintenance requirements plus some level of tissue storage or depletion, but with very large differences in feed intake (P < .001). This was an adaptation in physical and metabolic activity plus energy storage, because the differences in gains or losses of body weight were not large enough to account for the differences in feed intake. Such adaptation to restriction could arise from loss of body fat and reduced organ size and maintenance requirements (Koong et al., 1982) , from less activity, and possibly even from increased efficiency of energy utilization for maintenance or from mobilization of body energy.
Wool Growth. Wool produced during the pre-and post-restriction periods of the trial (Table 5 ) is difficult to partition from maintenance, because wool continued to grow even with negative energy and protein balances (Graham et al., 1959; Allden, 1979) . However, slower wool growth would be expected with reduced energy intake. During an average period of 62 d, greasy fleece growth averaged across intake levels ranged from 1.04 kg for C3 to .60 kg for D and F ewes (P < .001, OLTHOFF ET AL. 
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Figure 3. Average daily feed intakes before and after restriction (d 0) of ewes assigned to ad libitum or maintenance feeding levels. Table 5 ), or from 16.9 to 9.4 g/d, respectively. This pattern was confounded partially with body size, but it also reflects breed differences in wool production relative to body size. The AL ewes had .12 kg (17%) heavier fleeces and faster wool growth by 2.1 g/d or 18% and by .8 g/(d-m 2) or 10% than MN ewes (P < .001), but more so for C2 and F than for (23 breeds (P < .05).
The observed unshorn live body weight changes corresponding to those estimated for shorn weight gains in Table 2 Wool growth rates was expressed per unit of body surface area, using the surface area formula of Mitchell (1927) , to estimate model growth potentials of the breeds relative to body size. The fine-wooled R breed was highest in wool growth potential, followed by C3, C2 and C1, which all had R or R-related breed composition. The coarser-wooled F, D and S breeds were slowest in wool growth (P < .001). Restricted feeding reduced total wool growth/m 2 by 10% (P < .01), fairly uniformly among breeds (P > .10). Reduction during the restricted period probably exceeded 10% because wool growth was measured directly only over the combined pre-and post-restriction periods.
Calorimetry Measures. Ewe weights in the calorimeter (Table 6) were estimated as the average of the weights in and out of the chamber, corresponding to a mean of 63 h of fasting. Breed rankings for weight (P < .001) did not change, but the weight difference between feeding levels was reduced from 10.5 to 8.4 kg, with little difference among breeds (P > .10). The AL ewes had more initial fill than MN ewes, and therefore had a greater loss from fasting (Olthoff and Dickerson, 1989) . Respiratory quotients (RQ) averaged .72, with little variation. This indicated a similar postabsorbtive state for all ewes relative to the RQ = .71 expected for the catabolism of mixed fats (Brody, 1945) , and suggests that all ewes were mobilizing body tissues similarly for their energy needs.
Effects of breeds, feeding levels, or their interaction on FHP/kg .75 approached significance only for effects of feeding level on the FHP/kg "75 before adjustment to zero activity (Table 6 ). The average value, 78.4 kcal/ 1980) . Effects of weight differences among breeds on total FHP were removed by expressing FHP per unit of metabolic body size. Breeds differed only nonsignificantly in activity measured as the percent of time standing. The larger C3 and S ewes tended to stand longer, possibly due to the confined conditions, as did the R ewes, which appeared to be more nervous and less adaptable to close confinement. Although MN ewes averaged standing 1.4 h per day longer than AL ewes, the difference was inconsistent (P > .10) and disagreed with the response reported by Unsworth et al. (1982) . They found the opposite response, and concluded that restricted ewes adapted to the lower intake by reclining more in order to expend less energy. Unsworth and co-workers observed that previously fed sheep stood 1.4 h longer than fasted sheep, possibly in expectation of imminent feeding. Regression of FHP on standing time indicated a 19% increase in FHP for standing vs lying. This compares with 20% reported by Brockway et al. (1969) and 15% reported by for indirect calorimetry measures. Adjus~nent of FHP to values corresponding with no activity (lying, muscular repose) were made to provide standard comparison and a more precise estimate of basal metabolism. Variation in adjusted total 16-h heat production (kcal/d), measured by the error mean square, was reduced 20%, but the R 2 of the model remained at .85 because mean FHP also was reduced 8% to 71.9 kcal/ kg.75.d-1. This still was considerably higher than the 50.2 kcal/kg'75.d -1 estimate from the ARC (1980). Such excess FlIP could be attributed to inexperience of ewes with calorimetry procedures and the lack of wool cover. Blaxter (1974) reported a 33% reduction in FHP due to training sheep in the procedure. Heat production also has been found to increase substantially after close shearing, the total increase depending on temperature and body condition (Farrell et al., 1972b) . This increase amounted to 30 and 39 to 40 kcal/d for each degree below the lower critical temperatures of 27"C and 35 to 38"C for wellnourished and under-nourished sheep, respectively. Our chambers were maintained at 24"C and ewes were shorn within 2 d of calorimetry measurement.
There was no clear association among breeds of FI-IP/kg "75 with size or reproductive rate. The effects of feed intake level on FlIP were nonsignificant and generally were con- founded with other factors such as prior weight change, body condition and fleece length. The MN ewes were 11% lighter and less fat (35.3 vs 33.0% in empty body) than AL ewes, but nearly identical in percentage of visceral organ weights (Olthoff and Dickerson, 1989) . Thus more of the body weight of the MN ewes was lean tissue and the proportion of metabolically active visceral organs was not reduced, which is in harmony with their slightly higher FHP/ kg.75, d-1 (Table 6 ). Graham (1964a) reported that sheep in good condition, with no temperature stress, fed at maintenance levels had lower FHP than those fed to gain weight. However, those in thin condition fed maintenance levels may have an elevated FHP (Graham, 1964b) . FarreU et al. (1972a) also reported season and intake effects on FHP of adult Merinos. In spring and summer, FHP was lower in ewes adapting to levels of undernutrition, but following sheafing and in the autumn and winter, FlIP was elevated in such ewes, compared with well-fed ewes. Because the ewes in this study were recently sheared, the tendency for FHP to increase in MN ewes may have offset the expected higher FHP for AL ewes.
Maintenance Requirements. Use of empty body energy changes in Equation (3) led to an estimated overall MEre value of 153 kcal/ kg.75.d-1 and km = .47 (Table 7) . Prediction of MEI from FHP and NE gain or loss (Equation [5] ) gave nearly identical estimates of k M = .47 and MEm = bMFI-IP, but with slightly larger error. These MEre estimates are high compared with the NRC (1975) recommended value of 98 kcal/kg.75.d-1. However the MEre = 153 is similar to values reported for sheep on pasture and under cold conditions by Coop and Hill (1962) , Farrell et al. (1972b) and Rattray and Joyce (1976) . For the recently sheared ewes in a cool room, k M would be expected to be on the low end of the range. Partitioning body energy change into fat and protein reduced ME m values slightly to 145 to 137 kcal/kg.75.d-1 (Equations [2] and [4], Table 8 ) and reduced residual error of estimation slightly compared with predictions based on pooled NE gain or loss (Table 7) .
All ME m estimates were high, and some differences approached significance among breeds (e.g., bM for C3 -C2 = .7 5-.28, P - aSolutions from Equation ( eError mean square (EMS) was based on variation among ewe pairs, including effects of feeding levels and breeds. Error degrees of freedom were only 3 per breed, but total 39 for Equation (3) and 35 for Equation (5).
.05, Table 7 ), but no obvious relationships were evident with prolificacy or other traits (Table 1) . Blaxter et al. (1966) reported significant differences among breeds for maintenance, and Graham (1968) reported variation between strains of the Merino breed selected for wool production.
Figures 2 and 3 imply that both intake groups were eating only slightly above levels for stasis in unshorn weight. When adjusted to stable unshorn body energy (Equation [3] , regression estimates of MEre were much higher (178 + 6 kcal/kg.75.d--I-) for AL than for MN ewes (112 + 6 kcal]kg.75.d-1).
Corresponding efficiency values were .39 and .65, in agreement with the increased efficiency (kM) under restricted feeding reported by Graham and Searle (1975) . Estimates from Equation (5) were almost identical. Although these efficiency values are low for the AL group, they do indicate a substantially higher maintenance requirement under ad libitum feeding. Corresponding measures of actual daily intake (MEI) in Table 9 were 186 kcal/ kg "75 for AL and 111 kcal/kg .75 for the MN ewes (1.917 Meal ME/Kg feed, Tables 2 and 4). These actual intake values for AL ewes are slightly higher than the constant-body-energy estimates for MEre for AL ewes, because of AL gains in body energy stores. The actual feed intakes for the MN ewes were below their real maintenance (MEm) because they omitted the body energy stores that were mobilized for maintenance. This suggests that the constantenergy estimate of MEre = 112 kcal/kg .75 for MN ewes (Equation [3] , Table 7 ) also is an underestimate.
When mean changes in daily retained energy for protein and fat deposition were used directly to adjust mean ME1 for AL and MN ewes to that used for maintenance (MEre/ kg -75, Table 9), the difference between feeding (Table 9 ). This persistent difference in ME m between feeding levels relative to metabolic body size illustrates adaptation to limited feeding through reduction in energy requirements. This reduction was not caused by lower fasting basal metabolism (Flip in Table 6 ), but rather by other reduction in activity at minimum feed intake for body energy stasis.
Tissue Gain Requirements. Breeds differed (P < .01) in energy utilization for gain (laG) as estimated from the change in empty-body retained energy, including wool (Table 7) , reflecting differences in the relative contribution of protein and fat to changes in total empty body weight. The overall value of 2.0 kcal MEI/kcal of tissue deposited corresponds to an efficiency (kG) of .50, below most literature estimates (Olthoff, 1985) . Separate estimates for each feeding level were highly variable because of the small variation of body energy gains or losses within feeding levels (R 2 = .13 and .001 for Equation [3] , Table 7 ). Separating the total change in RE into the protein and fat components determined from the body composition measures (Olthoff and Dickerson, 1989) resulted in lower mean values for ME m from Equations (2) and (4) ( Table 8 ). Precision of predicting MEI was improved 9 or 22% in terms of reduced residual error mean squares. Estimated energy costs of protein (bp) and fat (b F) deposition and their efficiencies were within the range of literature values (Orskov and McDonald, 1970; Rattray et ai., 1974) ; Graham, 1980; Notter et al., 1984) . Nearly all estimates in ruminant animals indicate a higher energy cost and lower energetic efficiency associated with protein deposition compared with fat deposition (e.g., .16/.65 or .11/.76 in Table 8 ).
Digestibility, and therefore MEI/kg DMI, decreases as intake increases above maintenance levels (Blaxter, 1961) . Because MEI was calculated for both feeding levels based on the TDN value, the real difference in energy available to the AL vs MN ewes may have been overestimated. When digestibility for AL was reduced by .152(100 minus % digestibility Dickerson (1989) . bAssuming extra MEI = NE loss/k M = 462/.47 = 983 kcal.
at maintenance) per unit of increase in the ratio of actual to maintenance level feed intake (MEI , Table 8 ), the adjusted MEI for Equations (2) and (4) reduced the estimates of MEm slightly. Estimates of energy costs for protein and fat deposition also were reduced, probably too much; especially for fat. Absolute residual error mean squares were reduced in part because of the lower mean ME.
General Discussion
Published estimates of FHP and MEm vary widely, depending on the environmental conditions under which they were measured. The values for MEre suggested by the NRC (1975) are only applicable under laboratory conditions of no environmental stresses or work requirements. Actual MEm requirements would be higher under farm flock or range production systems in which that activity is part of maintenance (Graham, 1964c) .
Present results show that a large reduction in ME m was associated with an extended period of restricted feed intake in mature, nonlactating, open ewes. Thus, it would be inefficient to provide high-quality feed ad libitum during such parts of the production cycle, including early gestation. The situation is different during late gestation and lactation because of the increased requirements. Thus, the common practice of feeding according to production status is clearly an effective way of minimizing input costs to improve production efficiency.
There was some evidence of breed variability in energy utilization for maintenance (Table  7 ) and wool production (Table 5 ), but not for fasting heat production (Table 6 ). This implies that breeds may differ in adaptation to specific production systems. If feed resources are scarce, breeds with lower energy requirements and(or) more efficient utilization of energy for maintenance and production would be preferred. If feed is more abundant and less expensive, higher levels of production may be beneficial economically even if ME m is higher. Variability within breeds appeared to be substantial and raises the question of possible genetic changes in efficiency of feed utilization from selection within breeds.
Any attempt to quantify more adequately the genetic parameters of FHP would require large data sets under standardized conditions. A simple and consistent method of measurement would be needed to make such selection practical, assuming that progress is possible. To determine potential effects on the efficiency of production systems, variation in FlIP would need to be included in a systems model. If FHP and ME m are positively associated with production levels (lambing rate, milk production or body composition), reductions in these costs could mean reduced output (e.g., Blaxter et al., 1966; Graham, 1967 Graham, , 1968 Koong et at., 1985; Taylor et al., 1986) . The net result in production efficiency would depend on the relative magnitude of changes in input vs output.
If the above-maintenance energy costs of protein deposition is 2.5 to 4 times that for fat (36 or 51 vs 14 or 12 kcal/g deposited assuming 5.6 and 9.4 kcal/g in body protein and fat, respectively, Table 8 ), any replacement of fat by protein gains would be expected to increase the feed energy required by 2.5 to 4 times for the altered portion of dry matter in tissue gains. Lean tissue, however, is composed of only about 24% protein. Therefore, the energy costs of lean tissue deposition should be only about two-thirds that of fat.
Genetically replacing fat with lean gain thereby would reduce the above-maintenance feed energy requirements for the changed portion of growth by as much as one-third. However, protein intake requirements and costs per unit of feed weight would increase. Maintenance requirements a/so would increase because lean tissue is metabolically more active than fat and is the major contributor to ME m (Pullar and Webster, 1974; Tess et al., 1984) . Again, simulated changes in the production model could quantify these effects to determine their relative contribution to lifetime production e~ciency.
Animal breeders need to evaluate the bioeconomic importance of genetic changes in performance traits for efficiency of livestock production. To do so, they must assess both the correlated responses or benefits and the i u t costs associated with genetic changes in component traits. Because maintenance is such a large component of the total costs of lamb and wool production, more information is needed concerning the association of performance traits with metabolic activity of body tissues and with maintenance requirements.
